WORL 



WLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 6 
H04Q 7738 



Al 



(11) International Publication Number: WO 98/01000 

(43) International Publication Bate: 8 January 1998 (08.01.98) 



(21) International Application Number: PCT/SE97/01 166 

(22) International Filing Date: 27 June 1997 (27.06.97) 



(30) Priority Data: 

08/675,483 



3 July 1996 (03.07.96) 



US 



(71) Applicant: TELEFONAKTIEBOLAGET LM ERICSSON 

(publ) rSE/SE]; S-126 25 Stockholm (SE). 

(72) Inventor: NORDLUND, Peter, Skaldevagen 59 nb, S-161 42 

Bronuna (SE). 

(74) Agents: BANDELIN, Hans et ah; Telefonaktieboiaget LM 
Ericsson, Patent and Trademark Dept., S-126 25 Stockholm 
(SE). 



(81) Designated States: AL, AM, AT, AU, AZ, BA, BB. BG, BR. 
BY, CA, CH, CN, CU, CZ. DE, DK, EE, ES, FI, GB, GE, 
GH, HU. IL, IS, JP, KE, KG. KP, KR, KZ, LC. LK. LR. 
LS. LT, LU, LV, MD, MG, MK, MN, MW, MX, NO. NZ, 
PL. FT, RO, RU„ SD. SE, SG, SI, SK, SL, TJ, TM, TR, 
TT, UA, UG, UZ, VN. YU, ZW, ARDPO patent (GH, KE, 
LS, MW, SD, SZ, UG, ZW), Eurasian patent (AM, AZ, BY, 
KG, KZ, MD, RU, TJ, TM), European patent (AT* BE, CH. 
DE. DK. ES, FI, FR. GB, GR. IE. IT, LU. MC, NL, PT, 
SE), OAPI patent (BF, BJ, CF, CG, CI, CM, GA, GN. ML, 
MR. NE, SN, TD. TG). 



Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments* 



(54) Title: METHOD AND APPARATUS FOR ANALOG/DIGITAL TRAFFIC CHANNEL ALLOCATION IN A RADIOCOMMUNI- 
CATION SYSTEM 



(57) Abstract 

The establishment of digital connections 
is avoided if the power level compensated up- 
link signal strength transmitted by a dual-mode 
mobile station is below a threshold value. In 
such cases, a dual-mode mobile station is in- 
stead preferably connected to an analog traffic 
channel. The threshold value can be selected 
to provide a statistically acceptable probability 
that the digital connection win be successful. 
Different threshold values can be used for dif- 
ferent connection situations to take into account 
the different techniques used to determine a best 
serving base station. 



C START ) 



600- 



DECISI0H MA0E 
TO ALLOCATE A 
TRAFFIC CHAJfgEL 




ALLOCATE A 
DI6ITAL TRAFFIC 

mum 



606- 





no 


ALLOCATE All 
AMALOe TRAFFIC 
CHAMSEL 




H 



€04 



OOCIO <WO 9801000A1_I_> 




FOR THE PURPOSES OF INFORMATION ONLY 
Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


BS 


Spaa 


LS 


LctotAo 


SI 


Slovenia 


AM 


Armenia 


Fl 


rmiana 


LT 




SK 


Slovakia 


AT 


Austria 


FR 


Ranee 


LU 


Unembourg 


SN 




AU 


Australia 


GA 


Gabon 


LV 




sz 


Swaziland 


AZ 


Azerbaijan 


GB 




MC 




TD 


Chad 


BA 


Bosnia ind Herzegovina 


GB 




MD 


Republic of Mokkwa 


TG 


Togo 


BB 


DBDaOOt 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgian 


GN 


Guinea 


MK 


Tbe former Yugoslav 


TM 




BP 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BC 


Bulgaria 


HU 


Hungay 


ML 


Mali 


TT 


Trinidad and Tobago 


RJ 


Benin 


IE 


Iceland 


MN 


Mongolia 


UA 


Ukraine 


BR 


BiazO 


1L 


brad 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 




MW 


Malawi 


US 


United Sum of America 


CA 


Canada 


IT 


Italy 


MX 


Meiico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CC 


Congo 


KB 


Kenya 


ML 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyigyntsn 


NO 


Norway 


ZW 


Zimbabwe 


a 


Cosed'Ivoire 


KP 


Desoccrsdc People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Coba 


KZ 


Kaakatan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Geiuiany 


U 




SD 


Sudan 






DK 
EE 


Denmark 
Estonia 


LK 
LR 


Sri Lanka 
Liberia 


SE 
SG 


Singapore 







BNSDOCID: <WO 8801000A1_L> 



. WO 98/01000 



PCT/SE97/01166 



1 

METHOD AND APPARATUS FOR ANALOG/DIGITAL TRAFFIC 
CHANNEL ALLOCATION IN A RADIOCOMMUNICATION SYSTEM 

BACKGROUND 

The present invention relates generally to radiocommunication systems. 
5 More particularly, the present invention relates to methods and apparatuses for 
determining whether to assign an analog or a digital traffic channel to a 
connection at various decision points, e.g., at call set-up or call handoff. 

Conventional cellular mobile radio telephone systems include a land 
system and many mobile stations. The land system typically includes at least one 

10 mobile switching center and a number of radio base stations which are distributed 
over a geographical area. Each radio base station serves a cell, i.e. a part of the 
geographical area, by sending and receiving information to and from mobile 
stations over radio channels. The mobile switching center, connected on one 
side to the public switching telephone network and on the other to the radio base 

15 stations, performs most of the control functions required for calls to and from the 
mobile stations in the geographical area. 

Due to the rapid growth in the number of subscribers requesting 
radiocommunication service, system demand is rapidly outstripping system 
capacity, particularly in urban areas. To satisfy this increasing demand for 

20 radiocommunication service, system designers have, among other things, 

implemented technological advances to increase system capacity. For example, 
while the first radiocommunication systems implemented in the U.S. were analog 
systems (i.e., systems using analog modulation), more recent systems have been 
implemented using digital technology to increase system capacity per unit 

25 bandwidth. 

This evolution in the technology used to provide radiocommunication 
service has given rise to hybrid mobile stations which are capable of 
communicating with either analog or digital land systems. Such mobile stations 
are commonly referred to as "dual-mode M mobile stations. In some geographic 
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areas, digital system service overlaps analog system service, i.e., both analog 
and digital traffic channels are available to connect mobile stations to a land 
system to provide radiocommunication service. In such areas, dual-mode mobile 
stations can either be connected to the land system via an analog traffic channel 

5 or a digital traffic channel. 

When a mobile station is to be connected to the land system, the land 
system will identify a traffic channel to handle the connection. A channel can, 
for example, comprise a pair of frequencies (i.e., in an analog system) or a 
repeating sequence of timeslots on a pair of frequencies (i.e., in a digital 

10 system). This process is typically referred to as channel allocation. For a dual- 
mode mobile station which is physically located in a geographic area having 
overlapping analog and digital service, the land system will first decide which 
type of channel (analog or digital) to allocate to the dual-mode mobile station. 
Conventionally, this initial selection can be made by defaulting to digital traffic 

15 channels. That is, if a mobile station's equipment supports digital 

communication, then that mobile station will be connected to a digital traffic 
channel (when available). Alternatively, if the subscriber's equipment only 
supports analog communication, then that mobile station will be connected to an 
analog traffic channel. After being allocated to a particular analog or digital 

20 traffic channel, the mobile station will be informed of the allocated channel and 
tune to the corresponding frequencies to receive and transmit radio signals. 

Because cells in a radio communication system are typically relatively 
small, mobile stations often travel between a number of different cells. The 
process of switching an established connection from a currently serving base 

25 station in one cell, to a target base station in another cell, is known as handoff. 
In existing analog systems, a serving base station determines the need for a 
handoff of a mobile station whose connection it is handling based on periodic 
measurements of the signal strength and/or signal quality of the uplink voice 
channel signals received from that mobile station. If the measured signal 

30 strength and/or signal quality is below a predetermined level, the serving base 
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station sends a handoff request to the mobile switching center. The mobile 
switching center queries neighboring base stations for reports of the previously 
measured signal strength of signals on the voice channel currently being used by 
the mobile station. The mobile switching center selects the neighboring base 
5 station reporting the strongest signal, provided that the reported signal strength is 
above a threshold, and transmits appropriate commands to that neighboring base 
station and to the mobile station via the serving base station to implement the 
handoff on the same or a different traffic channel. 

In dual-mode systems, as specified for example in the EIA/TIA IS-54 

10 standard, handoffs from a digital traffic channel may also be implemented using 
a Mobile- Assisted Handoff (MAHO) procedure. Using this procedure, a mobile 
station may be ordered by the land system to measure and report signal strength 
and/or other parameters of digital radio channels emitted by the serving base 
station, as well as those emitted by neighbor base stations. This enables handoff 

15 decisions made by the land system to be based not only on the measured signal 
strength and other parameters of the uplink signal received from the mobile 
station, but also on the downlink signal parameters detected by the mobile station 
on channels associated with the serving and neighbor base stations. However, 
when performing a handoff from an analog traffic channel (to either another 

20 analog traffic channel or a digital traffic channel), MAHO techniques cannot be 
used because the mobile station cannot measure signal strength or other signal 
parameters since the analog traffic channel is continuously monitored, i.e., there 
is no idle time for measurement. 

These conventional techniques for allocating traffic channels at call-setup 

25 and call handoff have proven to be problematic for dual-mode mobile stations 
operating, for example, in geographic areas where digital systems have been 
migrated or overlaid onto existing analog systems. The different techniques 
described above to allocate traffic channels in different traffic situations result in 
widely varying connection reliability. For example, the Applicant has observed 

30 that handoffs between analog traffic channels (i.e., analog-to-analog handoffs) 
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have about a 0.5% average connection failure rate, while handoffs from an 
analog traffic channel to a digital traffic channel have about a 7% average 
connection failure rate. By way of contrast, handoffs from digital traffic 
channels (using MAHO) to digital traffic channels have, about a 1% average 

5 connection failure rate. Similarly, call set-ups to digital traffic channels have 
been observed to have about a 2.5% failure rate, while call set-ups to analog 
traffic channels have only about a 0.7% failure rate. 

Considering the above-described differences between connection failure 
rates for these different traffic cases, it is noted that analog channels can be read 

10 simply by tuning to the correct frequency, whereas reading digital channels also 
requires synchronization to the digital structure of that channel. The increased 
complexity associated with reading a digital traffic channel can be partially 
compensated by using MAHO when the handoff is performed from a digital 
traffic channel. Accordingly, it would be desirable for a system designer and/or 

15 a system operator to have the capability to adjust the connection failure rates to 
suit her or his preferred system design. 

SUMMARY 

According to the present invention, the establishment of digital 
connections is avoided if the power level compensated uplink signal strength 

20 received by the target base station is belowTthreshold value. In such cases, a 
dual-mode mobile station is instead preferably connected to an analog traffic 
channel if available from the target base station. The threshold value can be 
selected to provide a statistically acceptable probability that the digital connection 
will be successful. Different threshold values can be used for different 

25 connection situations to take into account the different techniques used to 
determine a best serving base station. 

For example, one threshold value can be used to determine whether a 
digital traffic channel shall be allocated at call-setup. When a user initiates a call 
from his or her mobile station, or when a mobile station is paged from the land 
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system, a traffic channel needs to be allocated to support the connection. If the 
uplink signal strength measured by the base station on signals transmitted by the 
mobile station on the reverse control channel exceeds a digital channel call-setup 
threshold, then a digital traffic channel is allocated. Otherwise an analog traffic 
5 channel is allocated, if available. 

Similarly, various threshold values can be established for selectively 
handing off an established connection to a digital traffic channel. For example, 
if a mobile station is currently using an analog traffic channel whose signal 
quality has unacceptably degraded, the land system will identify a best handover 

10 candidate. If the uplink signal strength measured by the handover candidate base 
station for the mobile station of interest is above a threshold for analog-to-digital 
(A-D) handoff, then the land system will select an digital traffic channel 
associated with the new base station for the handoff. Otherwise, an analog 
traffic channel is allocated, if available. 

15 Just as different thresholds can be used for call-setup and A-D handoff, so 

too can a different threshold be used for handoffs from digital traffic channels, 
e.g., digital-to-digital handoffs and digital-to-analog handoffs. In this way, the 
connection failure rate associated with each different traffic case can be 
individually controlled to achieve a desired design objection, e.g., approximately 

20 equal connection failure rates. 

According to other exemplary embbdBfients, the thresholds can be 
variable in nature to adapt to changing traffic conditions. For example, if the 
amount of digital traffic increases to near capacity in an area serviced by both 
digital and analog systems, the call-setup threshold associated with digital traffic 

25 channels could be increased so that more dual-mode mobile stations use analog 
traffic channels. Alternatively, if the amount of analog traffic increases 
substantially then it may be desirable to reduce the call-setup threshold associated 
with digital traffic channels. 

According to other exemplary embodiments, it may not be desirable to 

30 individually specify thresholds for all of the various different traffic cases. For 
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example, one threshold could be used both for digital call-setup and for handoffs 
from analog to digital traffic channels. These embodiments of the present 
invention recognize the tradeoff between greater control of system performance 
and greater system complexity. For example, in certain systems it may be 
undesirable to specify a threshold for handoffs from one digital traffic channel to 
another digital traffic channel to avoid a proliferation of handoffs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The foregoing, and other, objects, features and advantages of the present 
invention will be more readily understood by those skilled in the art upon reading 
the following detailed description in conjunction with the drawings in which: 

Figure 1 shows a conventional cellular radiocommunication system; 

Figure 2A illustrates an exemplary cellular radiocommunication system 
layout in which a digital system overlays an analog system; 

Figure 2B illustrates a portion of the system of Figure 2A used to 
describe exemplary embodiments of the present invention; 

Figure 3 is a flowchart illustrating a call-setup method according to an 
exemplary embodiment of the present invention; and 

Figure 4 is a flowchart depicting a handoff method according to an 
exemplary embodiment of the present invention. 

DETAILED DESCRIPTION 

In the following description, for purposes of explanation and not 
limitation, specific details are set forth, such as particular circuits, circuit 
components, techniques, etc. in order to provide a thorough understanding of the 
present invention. However, it will be apparent to one skilled in the art that the 
present invention may be practiced in other embodiments that depart from these 
specific details. In other instances, detailed descriptions of well-known methods, 
devices, and circuits are omitted so as not to obscure the description of the 
present invention with unnecessary detail. 
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The following description refers to measurements of the "uplink signal 
strength" transmitted by a mobile station or received by a base station. 
Preferably, the comparisons with thresholds described herein are made using 
what is commonly referred to as the "power level compensated uplink signal 
5 strength". This phrase refers to adjusting the actual received signal strength 

based on the power level at which the mobile station is transmitting to normalize 
the comparisons. 

An exemplary cellular radio communication system 100 is generally 
illustrated in Figure 1. A geographic region served by the system 100 may be 

10 subdivided into a number, n, of smaller regions of radio coverage known as cells 
1 lOa-n, each cell llOa-n having associated with it a respective radio base station 
170a-n. Each radio base station 170a-n has associated with it an antenna system 
130a-n where inter alia the transmit and receive antennas are located. The use 
of hexagonally-shaped cells llOa-n is a graphically convenient way of illustrating 

15 areas of radio coverage associated with base stations 170a-n respectively. In 
actuality, cells llOa-n may be irregularly shaped, overlapping, and not 
necessarily contiguous. Sectorization within cells llOa-n is also possible and 
contemplated by the present invention. 

Distributed within cells llOa-n are a plurality of mobile stations 120a-m. 

20 Base stations 170a-n provide two-way radio communication with mobile stations 
120a-m located within corresponding cells l!©a=n respectively. Generally, the 
number, in, of mobile stations is vastly greater than the number, n, of radio base 
stations. Radio base stations 170a-n are coupled to the mobile telephone 
switching office (MTSO) 150 which provides inter alia a connection to the public 

25 switched telephone network (PSTN) 160 and henceforth to communication 

devices 180a-c. This basic cellular radiocommunication concept is known in the 
art and will not be further described here. Moreover, the circuitry used to 
implement the various stations illustrated in Figure 1 is also well known to those 
skilled in the art. However, the interested reader's attention is directed to U.S. 

30 Patent Nos. 5,119,397 and 5,420,911 (both of which have been granted to 
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Dahlin et al.) for examples of mobile and base stations which can be used to 
implement the present invention. The disclosures of these two U.S. patents are 
expressly incorporated here by reference. 

The cellular radio communication system illustrated in Figure 1 includes a 
5 plurality of radio channels used for communication. The system can be designed 
to communicate both analog information, e.g., speech, digitized analog 
information, e.g., digitized speech, and pure digital information, e.g., pure 
digital data. Thus a connection may, for example, be a call where two people 
talk to each other, but may also be a data communication channel where 

10 computers exchange data. 

Each system is assigned a particular frequency band over which it can 
operate. Within its assigned frequency band, a set of communication channels is 
allocated to each cell. For example, between 10 and 30 different traffic channels 
and one control channel may be allocated to any given cell. The traffic channels 

15 are used to establish point-to-point communication channels between mobile 

stations and the land system. The control channel is used to communicate system 
overhead information and as a channel for initiating a connection between mobile 
stations and the land system. 

As mentioned above, the present invention is primarily concerned with 

20 geographic areas in which both analog and digital service exist. This type of 
situation can arise, for example, by way of digital migration or digital overlay. 
The phrase "digital migration" refers to the case where a system is designed 
from the beginning as an analog/digital hybrid that supports both analog and 
digital mobile equipment and wherein it is anticipated that subscribers will 

25 gradually migrate from analog mobile to digital technology over time. In these 
types of systems, the analog and digital equipment is located at a common site 
and the cell areas are the same for both the analog and digital systems. 

Another way in which analog and digital service can co-exist is by way of 
digital overlay. The phrase "digital overlay" refers to the case where a separate 

30 digital system is installed in a geographic area that already contains an analog 
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system. This means that the digital system will typically include its own MTSO 
and its own base stations, unlike the hybrid systems created by digital migration 
where the analog and digital systems utilize much of the same equipment. 
Accordingly, in areas where digital service is provided by digital overlay, the 
digital ceils may each cover the same, greater or smaller areas than the analog 
cells. 

Consider the exemplary system shown in Figure 2. Therein, each of the 
hexagons 501 represent cells in an analog system having associated centers 502 at 
which base stations can be located. A digital overlay network having larger cells 
has been introduced to the analog network, one such cell being depicted by 
dashed line 503. The associated base station site of this digital cell is at the 
center 500 where it coincides with an existing analog base station 502. When the 
communication traffic associated with mobile stations having digital capabilities 
increases, then the large digital cell 503 may be split into smaller cells 504 which 
use existing base station sites 502 of the analog cells. Additional digital cell 
splitting can be accomplished by adding new base stations, this concept being 
illustrated by sites 505 within the central cell 504. 

To simplify the following description of exemplary embodiments of the 
present invention, reference will be made to a simplified version of this system 
shown in Figure 2B. Therein, a single base station 500 is shown at the center of 
an analog cell 501 and a digital cell 504. Thesingle base station 500 has the 
necessary equipment to support radiocommunication services within both cells 
501 and 504. A dual-mode mobile station MS is illustrated at an initial position 
within the boundaries of both cells 501 and 504. 

In this exemplary hybrid system, the analog and digital cells support 
radiocommunication service by way of analog traffic and control channels, and 
digital traffic and control channels, respectively. When in the idle mode, i.e., 
when the mobile station MS is not currendy involved in a call, it listens to a 
control channel for paging messages which are sent by the base station 500 when 
a call is to be put through to that mobile station. Similarly, when the mobile 
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station user wishes to place a call, a message is transmitted over the control 
channel requesting that a traffic channel be allocated for the call. For the 
purposes of the present invention, the mobile station MS can be listening to (and 
communicating over) either an analog or a digital control channel prior to call- 
5 setup. 

As mentioned above, the conventional process for allocating a traffic 
channel to a dual-mode mobile station at call-setup is to allocate a digital traffic 
channel when available and otherwise an analog traffic channel. According to 
the present invention, however, another constraint may be imposed on the 

10 allocation of a digital traffic channel to the dual-mode mobile station MS. This 
additional constraint will now be described with reference to Figure 3. Therein, 
at block 600, a decision is made to allocate a traffic channel to mobile station 
MS. Then, the received signal strength measured by the serving base station of 
the mobile station's transmitted signals on the control channel is compared with a 

15 predetermined threshold for digital call-setup at block 602, which threshold is 
referred to herein as "SS^.^". If the measured signal strength exceeds SS Call . 
^p, then a digital traffic channel will be allocated to mobile station MS by base 
station 500 at block 604. Otherwise, if the measured signal strength is less than 
or equal to SS CaiVsetup , an analog traffic channel will be allocated (if available) to 

20 mobile station MS by base station 500 at block 606. These comparisons can be 
made in the land system at either the base station 500 or, if the measurements are 
reported, at the switch (not shown in Figure 2B). The predetermined threshold 
SScaiwctup 030 be selected, for example, based upon historical data which indicate, 
among other things, the resulting connection failure rate for digital traffic 

25 channels. Thus, the boundaries of cell 504 are effectively shifted inwardly to 
increase connection reliability to whatever degree is desired by the system 
designer or system operator. 

Exemplary embodiments according to the present invention can also 
impact the decision making process for allocating traffic channels to connections 

30 which are being handed off. Referring again to the example shown in Figure 
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2B, suppose that mobile station MS is currently connected to base station 500 via 
an analog traffic channel. Also suppose that mobile station MS moves from its 
illustrated position to a new position X pointed to by the arrow. In so doing, the 
mobile station MS has crossed the boundary of analog cell 501, which will likely 
5 trigger a handoff as the signal strength and/or quality on the connection degrades 
below a handoff threshold. The land system has the option of handing off the 
connection to another analog traffic channel or to a digital channel, i.e., a 
channel supported by a neighboring cell not shown in Figure 2B. According to 
exemplary embodiments of the present invention, handoff decisions can be made 

10 in accordance with the method described by the flowchart of Figure 4. 

Therein, a decision is made by the land system that a handoff is needed at 
block 700. This decision can be taken in accordance with known techniques, 
e.g., if the signal strength and/or quality of the connection provided to mobile 
station MS by base station 500 on the analog traffic channel moves below a 

15 threshold level. Thereafter, at block 702, the land system identifies a best 
candidate base station for servicing the mobile station MS after the handoff, 
again using conventional techniques. For example, the land system can request 
measurements of the signal strength received by each of the base stations 
neighboring base station 500. The neighboring base station which most strongly 

20 receives the MS's transmissions on the analog traffic channel can be identified as 
the candidate or target base station for the handoff, if its received signal strength 
exceeds a first threshold. This first threshold is established to add a hysteresis 
factor designed to prevent multiple handoffs of a mobile station between base 
stations when the mobile station travels near cell borders (which is commonly 

25 referred to as a "ping-pong" effect). 

Subsequent to identifying the appropriate neighbor base station for 
handoff, the signal strength measured by the identified candidate base station on 
the analog traffic channel is compared (at block 704) with a second threshold for 
handoffs from analog traffic channels to digital traffic channels, referred to 

30 herein as tt SS A . D ". If the measured signals strength (SS Meas ) exceeds SS AD , then 



DOCID: <WO 980100QA1J_> 



. WO 98/01000 




PCT/SE97/01366 



12 

handoff will be made to a digital traffic channel at block 706. Otherwise, if 
SS Meas is equal to or less than SS A . D , then an analog traffic channel will be 
allocated (if available) at block 708 to continue support of the connection from 
the identified base station. Traffic that has been routed to an analog channel may 

5 later be routed to a digital traffic channel when SS A . D is exceeded. Like SS CaI1 . 
s^p, the predetermined threshold SS A . D can be selected by a system designer or 
by an operator so that the connection failure rate for handing off between an 
analog traffic channel and a digital traffic channel is determined by the system 
designer or the system operator rather than in an uncontrolled manner resulting 

10 from the handover techniques, system geography and other factors. 

If desired, handoffs between digital traffic channels can also be made 
subject to a minimum received uplink signal strength, referred to herein as "SS^ 
D \ The same process described with respect to Figure 4 can be implemented for 
this case, but with a different predetermined threshold SS^. 

15 The actual values selected for the predetermined thresholds may vary 

from system to system based upon the measured impact of these thresholds under 
actual traffic conditions, which impact can be estimated in advance by using 
simulations or performance measurements. As a general guideline, however, the 
system designer or operator should recognize that by establishing the afore- 

20 described constraints against the allocation of digital traffic channels in 

geographic areas which provide both analog and digital service, there is a general 
risk that analog traffic will accumulate. Moreover, if SS^p is made too high, 
then the result might be double or triple handoffs (e.g., first a D-A handoff, 
followed by an A- A handoff and then an A-D handoff), which is an inefficient 

25 use of system resources. Conversely, if the constraint on SS A . D is too low, then 
the analog to digital success rate will not improve. This highlights the benefits 
associated with having different thresholds for digital to digital versus analog to 
digital handoffs. 

According to other exemplary embodiments of the present invention, one 
30 or more of the above-described predetermined thresholds may be omitted to 
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reduce the complexity of those embodiments. For example, SS Ca „. scmp can 
coincide with SS A . D instead of being a separate threshold as described above . 
This represents a design tradeoff between complexity (i.e., the more decision 
parameters, the more complex) and the unnecessary setup of analog traffic (i.e., 
5 where otherwise independent values would follow the relation SS A . D > SS Cali . 
sctup ). In the same way, SS A . D and SS^d can be jointly specified, however 
separate values for these thresholds is desirable for systems where the connection 
failure rate for these cases is widely disparate. Alternatively, a system designer 
or operator might specify SS A . D but not SS D . D (i.e., avoiding uplink signal 

10 strength restrictions for handoffs to a digital traffic channel from a digital traffic 
channel) to avoid the possibility of additional handoffs described above. 

According to other exemplary embodiments of the present invention, the 
predetermined thresholds can be varied by the system operator to accommodate 
changes which impact on the connection failure rate. For example, if the rate of 

15 connection failures for digital traffic channels decreases due to improvements in 
synchronization techniques, then the thresholds can also be changed accordingly 
" (e.g., by decreasing SS A , D and SS Can _ seIup . These changes can be made manually 
by the system operator based upon empirical connection failure measurements or 
automatically by the system based upon target failure rates versus measured 

20 failure rates. 

If a threshold for selecting a digital traffic channel for a particular traffic 
case is not exceeded in a first (i.e., best) candidate cell, and no analog traffic 
channels are available in that cell, then the system would turn to the second 
candidate cell on the list. If an analog channel in this second cell is available 

25 and fulfills the handoff criteria, it would be selected to handle the connection, 

and so on. If no analog channels fulfilling the handoff criteria are available, then 
the system could for example wait until some channel (digital or analog) fulfills 
the connection criteria. 

If the threshold for selecting a digital traffic channel at call start is not 

30 exceeded, and no analog traffic channels are available in the connection cell, then 
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the system may, depending on the operator's preferences, for example disable 
SSc,!,^ in which case a digital channel would be allocated if the original access 
criterion is satisfied. Alternatively, the system may for example deny service 
(congestion). Another possibility would be to utilize a different value for SS Cal ,_ 

5 ^ in this case. 

The examples provided above and described with respect to Figure 2B are 
based on the situations where the digital base stations and the analog base stations 
are co-located. However, those skilled in the art will appreciate that the present 
invention is equally applicable to cases where the analog and digital base stations 

10 are not co-located. In such cases, the list of candidate base stations for handover 
or call-setup would include both analog and digital base stations. If no digital 
base stations meet the uplink signal strength criteria, e.g., for handoff, then the 
system would turn to the analog base station candidates. If no analog traffic 
channels are available, then the system could, for example, wait until the best 

15 digital base station candidate meets the uplink signal strength criteria. 

The above-described exemplary embodiments are intended to be 
illustrative in all respects, rather than restrictive, of the present invention. If 
other types of traffic situations arise, system designers may choose to implement 
other thresholds which take these other types of traffic situations into account. 

20 For example, if mobile assisted channel allocation (MACA) techniques are 

supported by a system, such techniques mayunprove call-setup failure rates to 
digital traffic channels as compared with systems in which MACA is not 
supported. Thus, it may be desirable to provide two different threshold values 

for SScau.jjmp. 

25 Thus the present invention is capable of many variations in detailed 

implementation that can be derived from the description contained herein by a 
person skilled in the art. All such variations and modifications are considered to 
be within the scope and spirit of the present invention as defined by the following 
claims. 
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CLAIMS : 

1. A method for allocating a traffic channel to a mobile station at call 
set-up in a radiocommunication system having both analog traffic channels and 
digital traffic channels, the method comprising the steps of: 

5 measuring, at a base station, a signal strength received from said 

mobile station on a control channel; 

determining if said measured signal strength exceeds a first 
threshold sufficient to permit communication between said base station and said 
mobile station; 

10 if so, allocating a digital traffic channel to said mobile station if 

said measured signal strength exceeds a second threshold; and 

otherwise, allocating an analog traffic channel to said mobile 

station. 

2. The method of claim 1, wherein said control channel is an analog 
15 control channel. 

3. The method of claim 1, wherein said control channel is a digital 
control channel. 

4. The method of claim 1, further comprising the step of: 
varying said second threshold. 

20 5. A method for handing off a connection established between a 

mobile station and a currently serving base station on a current traffic channel to 
another traffic channel, the method comprising the steps of: 

measuring an uplink signal strength at which said mobile station is 
transmitting on said current traffic channel; 
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selecting a digital traffic channel as said another traffic channel if 
said measured uplink signal strength exceeds a predetermined threshold; 

otherwise, selecting an analog traffic channel as said another 
traffic channel if said measured uplink signal strength fails to exceed said 
5 predetermined threshold; and 

handing off said connection to said selected another traffic 

channel. 

6. The method of claim 5, wherein said current traffic channel is an 
analog traffic channel. 

10 7. The method of claim 5, wherein said current traffic channel is a 

digital traffic channel. 

8. The method of claim 5, wherein if said current traffic channel is 
an analog traffic channel, then said predetermined threshold has a first value and 
if said current traffic channel is a digital traffic channel, then said predetermined 

15 threshold has a second value. 

9. The method of claim 8, wherein said first value is higher than said 
second value. 

10. The method of claim 5, further comprising the step of : 
varying said predetermined threshold. 

20 11. A system for allocating a traffic channel to a mobile station at call 

set-up in a radiocommunication system having both analog traffic channels and 
digital traffic channels, the system comprising: 

means for measuring, at a base station, a signal strength received 
from said mobile station on a control channel; 



BNSDOCID: <WO 88O10OQA1_l_> 



. WO 98/01000 



PCT/SE97/01166 



17 

means for determining if said measured signal strength exceeds a 
first threshold sufficient to permit communication between said base station and 
said mobile station; 

means for allocating a digital traffic channel to said mobile station 
5 if said signal strength exceeds a second threshold; and 

means for allocating an analog traffic channel to said mobile 
station if said signal strength fails to exceed said second threshold. 

12, The system of claim 11, wherein said control channel is an analog 
control channel. 

10 13. The system of claim 11, wherein said control channel is a digital 

control channel. 

14. The system of claim 11, further comprising: 
means for varying said second threshold. 

15. A system for handing off a connection established between a 

15 mobile station and a currently serving base station on a current traffic channel to 
another traffic channel, the system comprising: 

means for measuring an uplinlTstgnal strength at which said 
mobile station is transmitting on said current traffic channel; 

means for selecting a digital traffic channel as said another traffic 
20 channel if said measured uplink signal strength exceeds a predetermined 
threshold; 

means for selecting an analog traffic channel as said another traffic 
channel if said measured uplink signal strength fails to exceed said predetermined 
threshold; and 

25 means for handing off said connection to said selected another 

traffic channel. 
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16. The system of claim 15 , wherein said current traffic channel is an 
analog traffic channel. 

17. The system of claim 15, wherein said current traffic channel is a 
digital traffic channel. 

5 18. The system of claim 15, wherein if said current traffic channel is 

an analog traffic channel, then said predetermined threshold has a first value and 
if said current traffic channel is a digital traffic channel, then said predetermined 
threshold has a second value. 

19. The system of claim 18, wherein said first value is higher than 
10 said second value. 

20. The system of claim 15, further comprising the step of : 
means for varying said predetermined threshold. 

21. A method for handing off a connection from an analog traffic 
channel comprising the steps of: 

15 providing a first signal strength threshold for evaluating handoffs 

from said analog traffic channel to another analog traffic channel; 

providing a second signal strength threshold for evaluating 
handoffs from said analog traffic channel to a digital traffic channel; and 

handing off said connection from said analog traffic channel to 
20 said digital traffic channel if a measured uplink signal strength exceeds said 
second signal strength threshold. 

22. The method of claim 21, further comprising the step of: 
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otherwise, handing off said connection to said another analog 
traffic channel if said measured uplink signal strength exceeds said first signal 
strength threshold. 

23. A method for handing off a connection from a first digital traffic 
5 channel to a second digital traffic channel comprising the steps of: 

measuring an uplink signal strength on said first digital traffic 

channel; and 

handing off said connection to said second digital traffic channel if 
said measured uplink signal strength exceeds a threshold. 

10 24. The method of claim 23 further comprising the step of; 

otherwise, handing off said connection to an analog traffic 

channel. 



JDOCID: < WO 980 1 000A 1 J _> 



. WO 98/01000 



PCT/SE97/01166 




, WO 98/01000 



3/5 



PCT/SE97/01166 



FIG. 2(b) 



x 




•t \~ J 

501 504 



BNSDCCJD-. <WO 98D100DA1J_> 



WO 98/01000 



PCT/SE97/01166 



4/5 



600- 



606 - 



Q START y 



DECISION MADE 
TO ALLOCATE A 
TRAFFIC CHANNEL 
TO MS 




ALLOCATE AN 
ANALOG TRAFFIC 
CHANNEL 



ALLOCATE A 
DIGITAL TRAFFIC 
CHANNEL 



604 



FIG, 3 



OOOA1_I_> 



. WO 98/01000 



s 

PCT/SE97/01166 



5/5 



( START ) 



t 

DETERMINE 
THAT HANDOFF 
IS ME ED ED 



± 



IDENTIFY BEST 

CANDIDATE 
BASE STATION 



ALLOCATE AN 
ANALOG TRAFFIC 
CHANNEL 



-700 



^702 




YES 


ALLOCATE A 


DIGITAL TRAFFIC 




CHANNEL 



706 



-708 



FIG. 4 



BNSDOCID: <WO 8801000A1_L> 



INTERNA!! 



SEARCH REPORT 



Ir ^^ph Apptication No 

PCT/SE 97/01166 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 H04Q7/38 



According to Internationa) Patent Classification I IPC) or to bom national classification and IPC 
B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 6 H04Q 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during me international search (name of data base and. where practical, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category ' Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 94 13069 A (ERICSSON TELEFON AB L M) 9 
June 1994 

see page 8, 1 ine 20 - 1 ine 29 

see page 9, 1 ine 3 - 1 1ne 10 
see page 19, line 8 - page 20, line 7 
see page 20, line 30 - page 21, line 18 
see page 21, line 28 - page 22, line 23; 
figures 5,6 



I- 3,5-9, 

II- 13, 
15-18,21 
4,10,14, 
20 



W0 94 08434 
April 1994 
see page 8, 
see page 
see page 
see page 
see page 



A (ERICSSON TELEFON AB L M) 14 

line 27 - page 9, 1 ine 15 
11, line 30 - page 12, line 22 
13 ? Vine 5 - line 15 
14, line 20 - page 15, line 30 
18, line 17 - page 19, line 16 



1,5,11, 
15,21,23 



Further documents are listed in the continuation of box C. 



j)( j Patent family members are listed tn annex. 



' Special categories of cited documents : 

"A" document defining the general state of the an which is not 
considered to be of particular relevance 

"E" earner document but pubashed on or after ihe international 
filing date 

"L" document which may throw doubts on pnoriry dasm(s) or 
which is cited to establish the publication date of another 
citation or other special reason <as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published pnor to the international filing date but 
later than the priority date d aimed 



T" later document published after the international tiling date 
or priority date and not in conflict with the apptication but 
cited to understand the principle or theory underlying the 
invention . 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

"Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

*&" document member of the same patent family 



Date of the actual completion of tne international search 

24 November 1997 


Date of mailing of Ihe international search report 

04/12/1997 


Name and mailing address of the ISA 

European Patent Office. P.B. 5618 Patentlaan 2 
NL - 2280 HV R^swifk 
Tel. <+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 34O-3016 


Authorized officer 

Gerling, J.C.J. 



Form PCT/1SA/210 (sooond short) (July 1982) 



page 1 of 2 



DOCID: <WO 9801000A1 I > 



INTERJJ^TONAL SEARCH REPORT 



1 



lational Apptlcatton No 

PCT/SE 97/01166 



C.(Continuatlon) OOCUMENTS CONSIDERED TO BE RELEVANT 



Category - Citation oi document, with indicanon.whefe appropnate. ot the relevant passages 



Relevant to claim No. 



x 

A 



WO 95 24810 A (ERICSSON INC) 14 September 
1995 

see page 6, line 17 - line 26 

see page 10, line 7 - page 11, line 15 

see page 12, line 3 - line 7 

see page 12, line 32 - page 13, line 33 

see page 14, line 26 - page 16, line 24 

see page 18, line 20 - line 35 

see page 21, line 28 - page 22,- line 19 

see page 24, line 1 - line 17 

US 5 257 401 A (DAHLIN JAN E ANGSTROM KE S 
ET AL) 26 October 1993 

see column 5, line 41 - line 50 

see column 10, line 24 - line 54 

see column 13, line 44 - column 16, line 

30 

W0 94 05130 A (ERICSSON TELEFON AB L M) 3 
March 1994 

see page 4, line 12 - line 24 
see page 6, line 14 - page 7, line 8 
see page 7, line 27 - page 8, line 4 
see page 9, line 1 - line 14 



23 

1,5,11, 
15,21 



1.5,11, 

15,21, 

23,24 



1,5,11, 
15,21,23 



Form PCT/1SA/210 (continuation ot second mwl) (July 1 992) 

page 2 of 2 

3NSOOCID: <WO 9801000A1J_> 



INTERNATJ 

Informal 



[#1 

notran on p< 



SEARCH REPORT 

patent family members 



Patent document 
cited in search report 



Publication 
date 



fai Application No 

PCT/SE 97/01166 



WO 9413069 A 



09-06-94 



UO 9408434 A 



14-04-94 



WO 9524810 A 



14-09-95 



US 5257401 A 



26-10-93 





Patent family 




Publication 




members) 




date 


Alt 


D / UODO 


D 

D 


2b— U/-9o 


AM 




A 
A 


22~0O-94 




07ftE770 
3jU3/ /if 


A 
A 


1 O AO A7 

10-02-9/ 




O 1 OQ1 AC 


A 

A 


AO f\£i t\A 


CN 


1090701 


A 


10-08-94 


GB 


2278256 


A.B 


23-11-94 


ID 


7C A71 AA 

/bO/190 


T 


03-08-95 


MY 


Q OA70.A O 


A 

A 


31-05-94 


W7 
IM L 


cz> actio 


A 

A 


O 0 a r* r\ c 

28-05-96 






A 

A 


1 c\ a a a a 

19-09-94 


AM 
nU 


O / COM 


D 


17 1 A AC 

17-10-96 


AM 


C 1 007AO 


A 

A 


26-04-94 


Dp 

OK 


y JUbobo 


A 

A 


03-12-96 


r a 
LA 


o i Oil c re 

21Z4bb6 


A 


14-04-94 




1U9ZZ34 


A 


14-09-94 


EP 


0615676 


A 


21-09-94 


FI 


942549 


A 


31-05-94 


ip 

ur 


7Cni £77 


1 


16-02-95 


MY 


Q O rtC077 

youby// 


A 
A 


O 1 A 1 AC" 

31-01-95 


N7 


cbobuy 


A 

A 


or nc c\c 

25-06-96 


1 IC 


bbu**yjy 


A 

A 


AO A A A /? 

02-04-96 


1 1 c 

U5 


5491837 


A 


13-02-96 


AU 


2091695 


A 


25-09-95 


CA 


2162256 


A 


14-09-95 


IN 


1 "f 07 ACQ 


A 

A 


17-07-96 


TP 

tr 




A 

A 


O 1 AO A£ 

21-02-96 


r 1 




A 

A 


AO A 1 ftC 

03-01-96 


IP 


AC AA77Q 


T 
1 


Ol A 1 A7 

21-01-9/ 


Uo 


bU42Uo2 


A 

A 


OA AO A 1 

20-08-91 


All 

AU 


025128 


B 


ao a ~w ai 

02-07-92 


AU 


5530090 


* 

A 


16-11-90 


r a 

LA 




A 

A 


1 0 -1 A A A 

18-10-90 


KR 


9513303 


B 


02-11-95 


WO 


9013187 


A 


01-11-90 


AU 


626123 


B 


23-07-92 


AU 


5934690 


A 


17-01-91 


AU 


625085 


B 


02-07-92 



form PCT/lSA/210 (patent Uimrty annex) (JUy 1992) 
9801000A1 J_> 



page 1 of 2 



INTERN^pONAL SEARCH REPORT 

information on potent family members 



tatlonal Application No 

PCT/SE 97/01166 



Patent document 
cited in search report 



Publication 
date 



US 5257401 A 



WO 9405130 A 



03-03-94 



Patent family 
member(s) 



AU 5969890 A 
CA 2033340 A 
CA 2033971 A 
CN 1048472 A,B 
DE 69021794 D 
DE 69021794 
DE 69022307 
DE 69022307 
EP 0406186 
EP 0406193 
HK 173995 
HK 180295 
JP 4500446 
JP 4500448 
KR 9702756 B 
KR 9709704 B 
U0 9100657 A 
W0 9100658 A 
US 5008953 
US 5200957 



T 
D 
T 
A 
A 
A 
A 
T 
T 



A 
A 



AU 
AU 
BR 
CA 
CN 
EP 
FI 
JP 
MX 
NZ 
US 



670811 B 
4766393 A 
9305602 
2120908 
1084335 
0614598 

941646 
7503116 
9304729 

255006 
5542093 



Publication 
date 



17-01-91 
27-12-90 

27- 12-90 

09- 01-91 

28- 09-95 

22- 02-96 
19-10-95 
08-02-96 
02-01-91 
02-01-91 
24-11-95 
01-12-95 

23- 01-92 
23-01-92 

10- 03-97 
17-06-97 
10-01-91 
10-01-91 
16-04-91 
06-04-93 



01-08-96 
15-03-94 

13- 06-95 
03-03-94 
23-03-94 

14- 09-94 
08-04-94 
30-03-95 
28-02-94 
27-08-96 
30-07-96 



Fomi PCT/lSA/210 (pttere ftmrty mrax) (JUy 1SS2) 

BNSDOCID: <WO 980100QA1_I_> 



J 



page 2 of 2 




PCT/STOTJOlltf 



1/5 




52 



DOCID: <WO_( 



.9601000A1T»_> 




BNSDOCID-. <W0 9801000A1T1_> 



.WO 9S/0HJW 




PCT,«E97/CHJ6* 



FIG. 2(b) 




501 304 



W093AUMV 



4/ 5 



600— 



606- 



f AM/ ) 



1 



TO ALLOCATE A 

traffic cmma 

TOMS 




ALLOCATE AH 
AMLOQ TRAFFIC 
CHANNEL 



ALLOCATE A 
DfSfTAL TRAFFIC 
CHAM EL 



I 

604 



FIG, J 



BNSDOCID: <WO 9801000A1TI_> 



. WOW01OM 



PCT/SE9T/01166 



5/5 



DETERMINE 
THATHANDOFF 
IS HEEDED 



1 



IDENTIFY BEST 

CANDIDATE 
BASE STATION 



ALLOCATE AH 
AHAIOC TRAFFIC 
CHANNEL 



-TOO 



-702 




YES 


ALLOCATE A, 


DIGITAL TRAFFIC 




CHANNEL 




I 

706 


706 





FIG. 4 



)OCID: <WO 9801000A1TI_> 



